2 if

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE . R

No, 981

3EARING STRENGTHS OF 24S-T ALUMINUM ALLOY PLATE ST

By R, I, Moore and C, Wescoat

Aluminum Company of America ) LT

I

Washington il
June 1945 T : -

. JeLABBIFIEE DCCUNRX Y«

the Natlonal Defense of the Unitsd States within the mesning Bervices of the United Btates, appropridte €lvilian offlicers
of the Esplonage Act,-"UGC 50:31 and 32. _.Its transmisslon or and employees of khs Federal Government

have a legitimate

N
Ly

This dooument contairi classified informatlon affecting may be impariad only to persons in '.E.uury and naval

the revelation of _Ats cohtents in any ménher to an unauthor- interest thersin, &hd to United SBtates citizens of known loy-
ized person is prohiblited by law. Information so classified alty and ulcrgdon of necessity sust informed Yhersof.

RESTRICTED




NASA Tachsica

HWEJ HHH!"I HI I I ﬂ!ﬁl i

01433 2
RESTRICTED - e

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

. et et s e s ot

TECHNICAL NOTE XNO,

981 =

BEARING STRENGTHS OF 245-T ALUMINUM ALLOY PLATE

By R. L, Moore and C, Wescoat

SUMMARY L

A series of tests was made to determine ths bearing S -
yield and ultimate strengths of typical samples of 1/4— and  -_
2—inch~thick plate of aluminum alloy 2457 and to establish
noininal ratios of bearing—to—tensile propertics for the comn—
mercial range of plate thicknesses, The tests, which supplo—
ment previcus tests of similar nature, indicate that the "
following ratios of bearing yield and ultimate strengths to _ ;
specified cross—grain tensile properties are applicable to -
the various commercial thickness ranges of aluminuxm alloy
24 5-T: .

bl

Ratios of bearing yield and ultimate strengths
Edge to specified cross—grain tensile properties

distance

in terms | Bearing—to— Bearing—to—tansile vleld fcr.;___
of pin. tensile various thicknesses. R
diameter, ultinate
D for all Less than 0.250 to 1,001 to
thicknesses 0,242 in, 1,000 in, 2,000 ia,
1.5D 1,5 1,64 1.6 1.m8
2,0D 1.9 1.87 1,8 1.7

The forcgoing values usHay be extended to cover Alclad 245-0
and 245-37 plate,

INTRODUCTION

Although the ratios of bearing to tensile properties
deterrmined from with—grain tests of 0,064~inch 245-T sheet
(reference 1) have been generally accepted as a bhasis for
the selection of allowable bearing design values for all
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thicknesses of 24S-T sheet, there has been somo question as

to the applicabllity of these ratioce to thicker materials, *
This is marticularly true in the case. of bearing yleld -

strengths since the differences between wilith- and cross— _ _
grain teasile yleld strengths for plate are not so well e
established as for sheot (roference 2), The bearing yiold --
values specified by the Army and Navy for all thicknoessse - =
of 24S-T plate in reference 3, for example, were obteinad

by applying suggested ratios of bearing yield to with—grein . _
tensile yield strangths to specified cross—-grain tcneile
yield values énd multiplying by a factor of 1,17, the ratio
of with— %o oross—grain tensile yileld strength of 2457
sheet, given in table I~-1 of referesnce 2, The Civil Aecro-
natutics Adminigtration apply the same procedure for thoe
determination of boaring yield strengths for 2457 shoet

but the 1,17 multiplication factor is amittsd for all thicw—
nesses of plate, In view of the appreciable differenco
between bearing yield strengths deteramined by these two .
procedures, it is obvious that a better basis for the scl- -
gction of ~llowable deslgn vaelues is needed, = e

OBJECT . L.
The object of this investigation was to determine the e
bearing yield and ultimate strengths of samples of 1l/a—inch-— -

thick and 2—inch-thick 2437 plate and to establish, if
possible, more satisfactory ratios of bearing to tensile
propertics for the commerciel range of plate thicknesses, -

This irvestigation was conducted by the Aluminum Com— -
pany of America at the Aluminum Research Laboratories, Now

Konsington, Pa, : . . h " I
PROCEDURE "AND MATERIAL

The procedure followed in these bearing strength deter—
minations was essentially the samoc as thet used in previoug -
tests (roference 1), A photograph of the test arrangement
is shown in figure 1, All specimens were originally 2 inches
wide by 1/4 inch thick by 18 inches long and were loaded in o
bearing on o 1/2-inch—diameter steel pin, The specimens Ixom A -
the 2-inech-thick plate were taken midway between the conter
and outside, conforming to the usual procedure for mnterianl _
acceptance tests, Tosts were made in duplicnte for eodge dis— J
tances of 1,R, 2, and 4 times the pin diametor, Tests abt .11
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three edge distances wers made on each sﬁecimen by mgchining'
off the damaged end after one test (about 3/4 in, below the
center of the hole).and redrilling at a new edge distance,

mable I gilves the tensile propertics of the platé used,
The valucs for both the 1/4—inch and 2—-inch thicknesses ‘are
above specified minimum velues for plates of thase propor—
tions and fall within the range generally considered typical
for 24S-T, .The tensile strength.of the 1/4—inch plate in the
with—grain-direction was.about 3 percent greater than that in
the cross—grain direction; whereas the corresponding difler—
ence~ in tengile yield strengths was adbout 16 percent, These
ratios are consistent with the directional property differ—
ences given for 245—-T sheet in reference 2,

In the case of the 2—inch plate the with—grain tensile
strength was approximately 10 percent gréater than that in
the cross—grain direction; whersas the tensile yield strungths
in the two directions differed by only 3 percent. In vicw of
the fact that tests were made of only one sample of 2-inck
plate, there may be some question regarding the significance _
of the differences in tensile strengths obtained in the two
directions, Previous tests of one experimental lot of 3—inch
245-T plate have shown an even greater difference in the ten—
sile strengths in the two directlons although the same 1s not
true of tests in one experimental lot of 4—inch 245-M™ plate,
The small difference in tensile yield strengths measursd in
the two directions in the 2-inch plate is consistent with the
results obtained for the 3—inch and 4—inch-thick plates and
seems to be a logical result of fabrication procedures,
Stretcher leveling, which. ls responsible for some of tho’ die—
ference between with— and cross—grain tensile yleld streagthas,
is generally not used for 245~T plate in thicknesses greatar
than 7/8 inch, Tensile tegts of 1/2-inch and 13/16—inch 245-T
plate indicate that the spread between with—~ and cross—grain
tensile yicld strengths may be considered to decrease about
linearly with increasing plate thickness from the differcance
of 17 percent now accepted for 24S-T sheet (reference 2) to
zero for plate thicknesser of 2 inches or greater,

RESULTS AND DISCUSSION

The individual bearing test results are shown in tz2ble II,

The bearing yield stiength values were obtained from the beocar—
ing stress—hole elongation curves shown .in figures 2 to 5,
using an offget from the initial straight—line portion of tho
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curvos cqual to 2 percent of the pin diameter, Also 1n-
dicated in table II are the types of fallure obtained,
Fallurcs by a combination of shear, asnd tension in the mar—
gin above the pin were predominant for edge distencss of
1,5 and 2 diameters, For the 4 dipmeter edge distance the
cross—grain specimens falled by tension across the width
of the specimens, '

Table II shows that there was no gignificant differ—
ence boitween with— and cross—grain bearing yield and ulti-
mate strengths for slther thickness of plate, This result
is consistont with that observed in previous bearing tests
of sheet nand emphasizes the fact thuat one sot of ratlos of
becaring to tensile proporties cannot be established for
materlals having marked directional properties in tensicn,

Ratios of avarage bearing to tenslle propertics are

shown in table III, Included also for comperison are carre—
gponding ratios obtained in previous tests of O, OFq—inch
245-T shoet z2s well as the ratios suggoested as typical for
this and certain other high strength alloys in the form of
shect (references 1 and 4), As far as ratics of ultimate
bearing strength to tensile sitrength are concernod thars 1s
no appreciable differonce botwecn the ratios obtailned fTor
the throe thicknesses of meteriasl, With .the excoptiocn of
those indicated for the with—~grain direction in the 2-inch
plate, 211 are within 5 percent of the suggested typlenl
ratlios for sheet and are substantially the same =g those
ugad currently in the selectlon of allowable design valuos-
(reference 3), The difference betweon with- and cross—
gralw ultimate strength ratios for the 2—inch plate reflects
the 1lO0-percent difference in with- and cross—grain tensile
strengths obtained for this matcrial, Unless more data
subestantlating this directional property charactceristic of
thick plate are obtained, however, the application of the
prescnt ratios of bearlng ultimate to tensile ultimate
strength to cross—grain proporties Zor plate, as ls now doae
(referencs Z), appears to be a conservative nnd snatisfactory
pracedure, : e = -

The ratios of bearing yield strength to tenslle yield
strengta shown in table III for the 1/4-~inch plate indicate
the same type of directional property variations as have been
previously observed for sheet although the ratios themselves
are solmewhat lower than suggested as typical for the thinner
material, In the case of the 2—~inch plate, however, thera
was no appreciable difference between the ratios of buarin
yield to tensile yield strengths obtained in the two diructlons.

,l
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The interesting point to be noted is that theéseq latter ratios,
obtained from materisl having no appreciable difference in
with— and cross—grain tensile yield strengths, are about
intermediate between those suggested as typical for the with-
and cross—grain directions of .sheet, Although ratios of with-
to cross—grain tensile yield strength for 245-T plate are not
yet established, it is believed that interpolation between
the limits now accopted for sheet and those indicated by
these tests for 3-—inch plate may be used as a basis for the
selectlion of beering yield values, It scems quite evident
that the procedure which has been described previously for
obtaining ratios of besring yield strength to cross—grain
tensile yield strength for sheet from the results of with—
grain tests should not be extended %o plate materlals show—
ing legs pronounced directional properties,

CONCLUSIONS

The results of this investigation of the bearing Qroper—
ties of 1/4—inch—thiek and 2—inch—thick 245-T platc are
believed to Justify the following conclusions:

1, The tensile properties of the materials used were
within limits considered satlsfactory for an investigation .
of the bearing strength characteristics of 248-T plate, The
directional propertics of the 1/4—inch plate in tension were
approximately the same as indicated for 245-T sheet in rafcor-—
snce 2, Tho tensile strength of the 2—inch plate in the
with—grain direction was ‘about 10 percent greater than that
observed. céeross—grain’; wheroas “the corrasponding differenca
in tensiles vield strengths in the two directions was only
about 3 percent,

2. Table II summarizes the bearing yield and ultimate
strengths for all tests and indicates the types of bearing
feilures obtained, There was no significant difference in

the bearing values obtained in the with— and cross—grnlu
directions of either samplo of-plate,

3., The ratios of bearlng ultimate streagth to tensile
ultimate strength shown in table III for both plate samples
in the cross—grain direction ars in good agreement with the
ratios suggested as typical for 2457 sheet in reference 1
and with those which are currently used in the selection aof
allowable ultimate bearing values for nll thicknegses of 24S5-T
sheet and plate (roference 3), The following nominal ratios
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aro proposed, therefore, as being applicable to speciflad
cross~Frain tensile strengths of plate;

. Bdge distance = Edge distance =
1,5D 2,0D or greater
Bearing stréngth Co 1.5 1.9
Tensile strength’ '

4,  The ratios of bearing ¥ield strength to tensile
yield sirength obtained for the l/é—inch plato show direc—
tlonal property veriations characterlstic of 2485-T shaet
although the ratios themselves are somcwhat lower than thoge
suggestod .as typical for thinner material, The ratics of
bearing yield to tensile yield strength for the 2-inch plate,
however, are approximately the same in the two directione and
are obout intermediate between those suggested asg typical for
tho with—~ and cross—grain directions of sheet, The practice
of computing ratics of bearing yicld strength to cross—grain
tonsile ¥ield strength from the rosgults of wiith-grain fosts
of shect, using the ratio of with- to cross—grain tensile
yileld strength as a modifying factor, apparontly should not
be extended to plate materials ha,*m,n:r legss pronounced &lircc-—
tional properties, :

5, It is proposed that ratios of bearing yiecld atrangth
to cross~grain tensile yiecld strength for 243-T plat rangling
from 1/4 inch to 2 inches in thickness, be estimated by inter—
polation between the ratios currently used for shezet and those
indicated by these tests of 2-inch—thick plate, The following
nominal ratiaos of bearing—to-tensile yleld strength, applicable
to specified crogs—grain tonsile yleld strengths, are pronosod
on this basisg for the various coummercial tnickness ranges:

Edge distance : : Thickness
in torms of _ g - )
diameter, Less than . 0.260 %o 1,001 te
D 0.249 in, 1,000 in, 2,000 ix,
1,5D 1.64 _ 1,6 1.5
2.0D . . 1.87 : 108 1!‘7

"
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6, In view of the similarity of bearing strength char—
acteristics observed for all gradecs and tempers of 245 sheet,
it is believed that the findinge of these tests of 245~T
plate may be extended to covcr Alclad 245-T7 and 24S-RT
plate,

Aluminum Research Laboratories,
Aluminum Company of America,
New Xensingbton, Pa,, December g, 1944,
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TABLE I
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TENSILE PROPERTIES OF 2lUS.T PLATE

(F. 0. ¥o. 12-237)

Tonsile Tonsgilo
Specimon ultimate yield Elongation
Sample direction strength . strongth in 2 in.
(offset=0.2 percent)
(pei) I (psi (percent )
1/U-inch plato
Pg73-1 | Cross~grain 67,200 45,500 19.3 °
P973~1 | With-grain 69,200 53,000 ' 20.0
2~inch plate
P973-4 | Cross—grain 64,200 ° 45,800 ] 8.5
P973~l4 | With-grain 70,600 47,100 16.0 '

NOTE,~ 1/U—in.~thick’ sheot—type specimens used for 1/Y~in. platc;

1/2-in.~diamcter specimens used for 2-in, plate.

Sce figs. 2 and 3 of "Standard Methods of Tonsion Testing of
Metallic Matorials" (B8-U42), 1942 Book of 4.S5.T.M. Standards, pt. 1,

p. 899.

w?



TABLE IT.- EREARING FROFZRTIES OF 245-T PLATE

*oON NI VOVH

Bearing strengths (psi)
Edgs diatance= . Edge distence = Edge distance a
_ 1.5 X pin diameter 2 X pin dianeter 4 X pin diameter
i t
diﬁ%ﬁi e . , Type of . Type of Type of . .
Ultimete Yield' failuwre® Ultimate Yield failure Ultimate Yield failure
1/4~inch plate

Acrogg-prain 1 100,000 67,500 T3 126,900 83,500 TS 148,600 86,500 T
2 101,600 71,608 - T8 128,300 83,00@ - ™ 151,300 85,500 7

Av. 100,800 69,500 127,600 835,300 149,950 © 86,000
With=grain . Sl 98,900 66,000 I8 126,000 82,000 i 148,800 88,500 - B
. 2 99,400 64,500 . s 126,300 81,500 T8 144,800 86,500 B

i Ave 99,150 66,300 125,650 81,800 146,800 87,500

o "2-inch plate -

Across-grain 1 103,400 71,000 - 1S 128,700 .82,600 TS 147,100 89,600 T
] 2 _99;200 - 72,006~ 1S' 124,500 83,000 T3 148,200 84,000 T

Av. 101,300 71,000 126,600 82,800 147,650 86,800
Wi thegre .. 1 105,400 73,500 T3 127,100 82,000 8 146,000 84,500 B
2 - 99,600 73,500 3 122,100 82,500 s 144,200 84,500 B

Ave 102,500 73,000 124,800 82,300 145,100. 84,500

"HOTE.- A1l tests on 1/2-in. dismeter steel pin (D/%t=2). All specimens originally 2-in. wide by
1/4-in.. thaicl by.l8-in, long. 'Those from the 2-in. plate were cut midway betwesn center end fase of plate.

'Stress corresponding to offset of 2 percent of pin diameter from initiel straight line portion of
bearing stress-iole elongation curves shown in figs. 2 to 6 (offset = 0,010 in, for 1/2-in, dismeter pin).

®Type of failure: T - Tension on transverse section tirough pin nole
S = Shear of plate above pin _ O
.T8 - Combinstion of shear aa# tenaion

B - Bearing or cruphing of plate above pin

1886
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TABLE III,- RATIOS OF AVERAGE BEARING TO TENSILE

PROPERTIES FOR 24S~T SHEET AND PLATE

Edge distance =
1.5 X pin diameter

Zdge distance =
2 %X pin diameter

Edge distance

4 x pin diamster

o3l

Specimen
direction BS BYS BS BYS BS BYS
7S TYS TS TYS TS TYS
1/U~inch plate
Across—grain | 1.50 1.53 1.90 1.83 2.23 1.589
With~grain 1.43 1.23 1.82 1.54 2.12 1,65
2~inch plate
Across~-grain 1.38 1.56 1.97 1.80 2.30 1.89
With-grain 1.45 1.55 1.76 1.75 2.06 1.79
0.064~inch sheet’
Across—grain | 1,16 1.37 1.90 1.89 2,36 | 2.17
With-grain 1.45 1,44 1.85 1.68 2.27 - | 1.89
- <]
Suggested typical ratios for sheet
Across—-grain | 1.53 1.6k 1.94 1.87 2.35 }1.99
With-grain 1.50 1.40 1.90 1.60 2.30 1.70
NOTE.- BS - Bearing strengbth -
BYS ~ Bearing yield strength (offseb = 2 percent of »in
diameter = 0.010 in.) :
TS ~ Tensile strength
TYS - Tensile yield strength (offset = 0,2 percent)
;Ratios from table IV, refercnce 1. '
Ratios from table V, referencc 1,
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Figure 1.-- Arrangemeﬁt for bearing tests using filar miorometer
microscope for measurement of hole elongation.
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Figs. 2,3

160,000
" - 140,000 / l
/ / ,
N 120,000 ,/ / ~ // // / /
- 17 J
‘:100 ,000 f Pz B T )
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I ! /
20,000 f ]
a2z | | b1 B-2 fc-1 [c-2 B

0 A-1
0.010~—

Hole elongation, in,. . - _

Pin diemeter = 1/2 in. A-1 and A-2: edge distance = 4 X pin diamster B
Specimen thickness = 0.250 in. B-1 and B-2: edge distance = 2 X pin diameter
Speclmen width = 2 in. C-1 and C-2: edge distance = 1.5 X pin diameter
Figure 2.- Beering stress-hole elongation osurves for aluminum alloy plate, 0.250" 24S T
(X grain).
s 160,000
I 140,000 / /
/ Il f { . -
120,000 / /
X 5
‘8 100,000 12 L] /
- =
~ N1 A7 1) _ LI s /
s T [T 1] / 117
2 N / /- / ./ 1 7 / / L / O—t
8 A ] /] =
¥ 60,000 — = ]
H / / [/
& ' Vi 4
40,000 [ 7
20,000 y [ i/ L
Oh-l | Ja-2 /B-1 B-2 c-1 Jc-2
—{0.0104— Hole elongation, in. .
A4 Pin diameter = 1/2 in. A-1 and A-2: edge distance = 4 X pin diameter
Specimen thickness = 0.250 in. B-1 and B-2: edge distance = 2 X pin dismeter
. Specimen width = 2 in. G-1 and C-2: edge distance = 1.5 X pin dismeter’
<
Figure .- Bearing stress-hole elongation curves for aluminum alloy plate, 0.250 24S-T

(W grain). Y
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—P| 0.010— Hole elongetion, in.
Pin diameter = 1/2 in. A-1 and A-2: edge distance = 4 X pin diameter
Specimen thicknes= = 0,250 in. B-1 and B-2: edge distance = 2 X pin diameter
Specimen width = 2 in. C-1 and C-2: edge distance = 1.5 X pin diemeber
Figure 4.- Bearing stress-hole elongation curves for s2luminum alloy plate, 2" 245-T
(X grain). _
160,000
: / J
140,000
ME i / /
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€100, 000 ] 1 | 3
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% o 000l [/ v /
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40,000 J [ / :
[ [ / 4
20,000 L [ I [
TE A
oA [4-2 B-1 B-2 c-1 c-2
~Jo.010}— Hole elongation, in.
Pin diameter = 1/2 in. A-1 end A-2: edge distance = 4 X pin diameter
Specimen thickness = 0.250 in. B-1 and B-2: edge distance = 2 X pin diameter
Specimen width = 2 in. C-1 and C-2: edge distance = 1.5 % pin diameter

Figure 5.- Bearing stress-hole elongation curves for aluminum alloy plate, 2" 24S-T

(W grain).



